This paper presents results from an in situ user study aimed to explore the effect of a mobile app on supporting eco transport choices by citizens of an urban area. We provided eight participants with a mobile app deploying a novel combination of goal-setting, self-monitoring, rewards and sharing features in order to observe, over a month period, relevant changes in their transport choices and habits. Overall, we observed that the digital intervention produced an increase of sustainable transport choices of 14% and contributed to raise participants' environmental awareness, particularly regarding the consequences of their daily transportation choices.
INTRODUCTION
Traffic in cities is responsible for about 40% of CO 2 emissions from road transport and 70% of other pollutants [7] . Making urban transport greener, more user-friendly and better organized is an important objective of the European Union in order to meet climate protection and energy saving goals, as well as to improve public health. This is also coherent with efforts in the field of Transport Demand Management (TDM) aimed to reduce travel by singleoccupancy vehicles and to encourage alternative modes such as public transport and carpooling. This paper reports recent work conducted in the context of the SUPERHUB project [14] in order to investigate the deployment of different motivational strategies for inducing eco-friendly travel choices in citizens of urban areas. Mobile phones are nowadays ideal tools to deploy for informing and influencing citizens' choices and research work has started to investigate how to best design mobile apps that can increase green behaviors [10, 11] . We have deployed contextual user research methods and a mobile app prototype for Android smartphones to explore how motivational features such as goal setting, rewards, selfmonitoring and data sharing [12] could facilitate participants' eco-friendly travel choices. Past work has shown that motivators such as public commitment, frequent feedback, and personalization can positively impact environmentally responsible behavior [1] . Research has also shown that by increasing people's awareness about the consequences of their daily choices it is possible to affect their behavior. Previous studies have investigated how feedback displays for energy consumption in home environments can help people to achieve savings [8] , however it is not clear if the same results can be observed in the urban transportation field. Although in recent years interesting mobile apps have been proposed to support eco-friendly transportation behaviors (e.g., Carbon Diem [2] and Ecorio [6]), so far little research has been conducted for assessing their real impact on users' behavior. An initial contribution has been provided by the UbiGreen mobile prototype [11] , able to semi-automatically sense and display information about transportation behavior, which has been tested in a 3 weeks' study in two U.S. cities. Differently from UbiGreen study, our research has focused on understanding the effect of a novel combination of change strategies, deployed through a simple mobile app, on inducing participants of a middle size town in Italy, Trento, to adopt green travel options. Logging of user self-reports about their travel choices was set up in order to compare their travel choices and habits before and after the behavior change intervention. We describe the main findings collected, and derive from them a series of indications for the design of future mobile apps and interventions in support of sustainable urban mobility.
THE MOBILE APP DESIGN
We designed a mobile prototype for Android smartphones implementing basic motivational features for inducing (Figure 1 ) does not track the user travel paths (GPS data), but relies on user self-reporting of mode of transport used over a day, made by filling in a simple multiple choice questionnaire triggered every evening by the app or started autonomously by the user. The decision of relying on user self reporting of data on transport mode was taken in order to avoid the mobile phone battery drain by the GPS tracker. It has of course the drawback of being less reliable with respect to automatic mode detection solutions. The motivational features provided, were inspired to previous work in relevant behavior change fields [5, 9, 12] and consisted in the following: 1) Goal setting: The user was invited to set weekly goals for mode of transport to use (e.g., car, carpooling, bicycle, walking, public transport) and choose their relative priority; 2) Self-monitoring: The user could track progress towards goals and access a graphical representation of modes of transport used over a week in order to support selfreflection about previous travel choices made; 3) Rewards: Personalized messages encouraging sustainable travel choices were sent to the user, according to his profile and travel behavior (derived from usage logs). These messages were prepared by the experimenters, in a Wizard-of-Oz style, and sent to the user by means of the prototype integration with Social Network features, specifically, a Facebook account set up for the study in order to send personalized triggers and encouragements; 4) Sharing: A leader board of participants eco-scores was provided every week (based on their achievement of goals and sustainability of travel choices made), in order to observe the impact of social influence (e.g., competitive or collaborative reactions of participants) and make more interesting the app usage.
Beyond these basic features, the mobile prototype provided a local journey planning service (based on the local mobility service ViaggiareinTrentino) for supporting the Table 1 : Participants' data and pre-post study change user daily journeys across their urban setting (Trento city centre and province area).
THE CONTEXTUAL USER STUDY
The ability to get in situ data at early stages of mobile apps development has been acknowledged before [3, 4] . The importance of informing design decisions with this type of data led us to engage in a rapid prototyping process, as well as on leveraging on Wizard-of-Oz techniques, to be able to test in situ the effect of the different motivational features proposed and get some relevant results within few weeks from the start of our design work.
Participants and Method
Eight participants took part to the study during the month of September 2012 (Table 1) . We recruited them from a convenience sample of people that knew each other: 4 administrative colleagues, commuting everyday from suburb areas to the city centre, 4 undergraduate students travelling across the province to attend courses at the local university. Our aim was to involve participants who had different mobility habits and needs (e.g., drivers with private car, non drivers, etc.). All participants were asked to fill in a questionnaire in order to provide background information about their travel routines, needs, habits, and their willingness to adopt more eco-friendly behaviors (assessed also through the TTMC scale 1-5 [13] ).
After that, they were invited to use the mobile app prototype as follows: in week 1, participants were just asked to self-report travel paths and mode(s) of travel used every day (e.g., car, carpooling, public transport, bike, walking) in order to be able to log their mobility habits previous to any motivational intervention. In week 2-3-4 logging of participants' behaviors included also frequency of usage of the mobile app persuasive features. Motivational messages were sent (through Wizard-of-Oz techniques) to encourage more sustainable behavior according to the specific travel habits shown by a user (e.g., personalized encouragements or rewarding messages).
A final individual interview with each participant was carried out at the end of the study to collect feedback about their experience with the app and possible suggestions for 
Main Findings of the User Study
Overall, participants enjoyed the use of the app over the 4 weeks, no one decided to retire from the study. The mobile app was found easy to use, graphically simple but clear. Also, all participants complied with the daily request of sending in their self-report of the modes of transport used. We analyzed all logs and interview data collected in order to: (1) understand the main factors influencing participants' daily transport choices, (2) identify relevant differences in participants' reactions to the four sets of motivational features provided, (3) assess the effect of the mobile app features on users' environmental awareness, (4) measure the effect of the behavior change intervention on their transport choices.
Relevant Factors Influencing Participants' Choices
An interesting outcome was derived from comparing individual participants' mobility choices over weekends vs working days. Evidence was found that participants' choices were more strongly constrained by the physical characteristics of the local area (mountain area, presence of slopes, long distances to cover from neighbor villages of residence to city centre, limited offer of public transportation services in some rural areas) during working days, with respect to weekends when time constraints were perceived as less important and transport choices were more related to individual preferences and environmental attitudes. P3 and P4 for example used to choose public transport only over weekends, when delays had less impact on their activities and vehicles were not crowded like at rush hours. We also found evidence that some participants' willingness to choose eco-transport modes like bike (for achieving both sustainability and fitness goals) were heavily affected by weather conditions. Therefore, seasonal factors need to be taken into account by a system providing persuasive intervention in the transportation field, as well as in assessing their impact.
Participants' Reaction to the Motivational Features
Among the persuasive features provided, the most appreciated and used by participants was the Selfmonitoring feature, followed by the Goal setting and the Sharing of eco-scores distributed by the experimenter at the end of each week. An improvement suggested by P4 was to make the mobile app trigger Goal-setting and Selfmonitoring features over weekends, when users are more likely to have time for reflecting on past behavior and plan their journeys for the following days. Both positive and negative outcomes were observed about the Sharing and Rewarding features. Most participants reported that receiving every week a leader board of eco-scores achieved was nice, since it was somehow facilitating more reflection on their performance and transport choices that week. However, it was a bit difficult to trigger real competition among participants, due to the small group of users involved and the lack of 'real' rewards or prizes available for the best performer. Regarding the integration of our mobile app with third parties services, such as Facebook Social Network (for sending personalized recommendations to adopt eco-friendly behaviors) we got rather controversial results. On one hand, we found our participants quite reluctant to follow the recommendations received and to comment on them. When interviewed about this, P6 and P8 stated that they were not very active users of Facebook or other social networks, which is why also in this case they did not feel very motivated to express their opinions or provide feedback through the social network. On the other hand, in the final interview most participants said that they would really appreciate the mobile app to provide personalized recommendations for sustainable mobility, and that these should be specifically tailored to the real time traffic situation and their contextual mobility needs. In particular, they did not appreciate the local journey planner integrated in the mobile app ('ViaggiareinTrentino') for its lack of personalized services offered (e.g., information about disruptive events was provided at province level, not for the specific roads/areas of interest for a user). Further studies are needed for understanding how to best integrate third parties services with persuasive technology in order to match user preferences and realize effective synergies.
App Effect on Participants' Environmental Awareness
From the comparison of participants' replies to the environmental awareness questionnaire administered before and after the persuasive intervention, we observed an increased percentage of participants reaching the Maintenance upper stage of the TTMC (from 12.5% before the study to 25% after the study) and a decrease in participants belonging to the lower level of the model scale, corresponding to the Precontemplation stage (from 25% before the study to 12.5% after the study). We observed a positive change in terms of participants' improved awareness of the environmental consequences of their transport choices, with several attempts to adopt more sustainable mobility behavior over weekends or when 'greener' transportation alternatives were available and more feasible to adopt. P1 for example said that, as a consequence of participating to the study, she used to plan more carefully her daily journeys for commuting and shopping reasons, in order to optimize travel paths, reduce fuel consumption as well as CO 2 emissions.
Effect of the App on Participants' Travel Behavior
By considering the aggregated data on participants' transport choices over the 4 weeks (analysis of the selfreported modes of transport used over the study duration), we observed that the use of the mobile application did have some effect on changing participants' behavior. Most of our participants were used to driving their private car for reaching their working / studying place and this habit did not change dramatically over the 3 weeks of the behavior change intervention. However, by comparing the modes of transport used by participants during the first week of the study (with no persuasive intervention active) and the last week (persuasive intervention active), we observed 68% of journeys made by car and 32% of journeys made by sustainable modes of transport in the first week, while in the last week journeys by car were 54% and sustainable journeys raised to 46%. This accounts for an improvement in the use of eco-friendly means of transport of 14%. By considering individual transport choices across the first and last week, we notices that 2 participants showed a stable behavior, 4 participants improved their behavior by making more sustainable choices, and 2 participants showed their sustainable behavior decrease. Overall, this can be interpreted as a positive impact of the intervention, considered that most of our participants belonged more to the profile of 'car addicts' rather than 'convinced environmentalists'. Moreover, this outcome was achieved without providing any 'real' or concrete reward to participants, as well as without the support of an effective journey planner feature.
Conclusion
This paper adds to previous studies on behavior change solutions for sustainable transportation, since it presents initial findings from an investigation targeting participants that were not very green-oriented before the intervention, who lived in an area presenting some difficulties for the use of some types of eco-friendly vehicles (e.g., bikes). The main change challenges observed were due to participants' habit to use their private car to reach their working place, reinforced also by physical and time constraints they perceived not to have particular control upon. Results have shown that our participants were more willing to use sustainable means of transport during weekends, when the previous constraints were somehow released. Although an improvement in their adoption of the target behavior has been achieved (14%), it is also likely that longer periods of behavior change intervention are required in order to replace transport habits with more sustainable ones, especially if this requires considerable sacrifices to be made by the target users. Rewarding and sharing features can help users to overcome perceived obstacles to behavior change, however this study has shown that rewards need to be made more concrete and tangible to be effective (e.g., discounts on public transport tickets) and data sharing can leverage on social influence mechanisms only if a critical mass of target users is involved.
The lessons learnt so far are currently informing our implementation of a refined version of the mobile prototype, that will integrate both motivational and journey planning features. We also plan to further explore the opportunity of integrating our app features with relevant third parties services available in the urban areas where the system will be tested. To overcome the limitations of the study presented, we plan to conduct longitudinal field trials of the integrated prototype in three European cities over 2013, involving a larger sample of participants representing different transportation needs, preferences and usage profiles.
